Individual and group annual rations of Russian sturgeon Acipenser gueldenstaedtii are calculated on the basis of models describing the energy balance and dynamics of the number of fish generations with natural mortality depending on age. The structure of the energy balance and its separate components were studied. It is shown that the greatest amount of energy of consumed food by the population is spent on energy process. Individual rations of Russian sturgeon increase with age, whereas group rations decrease. The received results can be used to theoretically estimate the volumes of artificial and natural reproduction that provides the formation of stocks of Russian sturgeon in accordance with the forage productivity of the Caspian Sea.
INTRODUCTION
In addition to the Caspian Sea Russian sturgeon (Acipenser gueldenstaedtii) population, this species is native to the Black Sea, Sea of Azov, entering all main rivers that empty into them (Sokolov and Berdicheskii, 1989; Kolman and Zarkua, 2002) . The appearance of Russian sturgeon in the Baltic Sea basin may be explained by accidental escape of some young individuals from fish farms or purposely released by fishermen or aquarists (Keszka and Heese, 2003; Skora and Arciszewski, 2013) . Russian sturgeon is one of the most important representatives of valuable commercial fish of the sturgeon family (Acipenseridae). It is introduced throughout Europe and considered critically endangered (Kottelat and Freyhof, 2007) . Russian sturgeon (A. gueldenstaedtii) is one of the main sturgeon species used in worldwide aquaculture production, particularly in North America (Nathanailides et al., 2002; Ireland et al., 2002) . In the last decades, Russian sturgeon stocks have been in bad condition and need to be restored. It is necessary to know how much food it consumes during a year and what amount of the sturgeon family can be grown in the Caspian Sea on the basis of forage resources. These questions are answered by the methods of physiology, production hydrobiology and the theory of dynamics of fish stocks, which are based on the knowledge of the rate of physiological process, growth, population and age structure of fish inhabiting water bodies (Winberg, 1979; Dutil and Brander, 2003; Alimov et al., 2014; MacKenzie and Ko¨ster, 2004) . The study of physiological process rate, the balance of energy, individual and group rations and the nutritional needs of fish makes it possible to calculate the amount of food consumed by fish, the degree of absorption of the used forage resources, to define the potential biological and fishery reproduction of populations, the necessary volumes of natural and artificial reproduction, the acceptable catching and also the optimal fishing operation modes, providing the formation and sustainable conservation of fish stocks at a level responsible for feed productivity in water bodies. Information on the rate of physiological process, the balance of energy and nutritional needs of Russian sturgeon are absent in literature, so the main goal of our research was to define the annual nutritional needs of Russian sturgeon on the individual, generation and population levels.
MATERIAL AND METHODS
The material for the work was used from literary data on the growth of length and body weight of fish at different ages, sizes, age and duration of puberty, spawning frequency, as well as the maximum size and life expectancy of Russian sturgeon in natural conditions . The annual rations and nutritional requirements of Russian sturgeon were calculated by Melnichuk (1978) and Winberg (1979) methods, using the fish energy balance equation:
C t = R e + P w + P q + F R (1) where C t is the energy need of fish for general process; R e -energy expenditure on energy process; P w -energy expenditure on plastic process (body weight increase of the individual); P q -energy expenditure on generative growth; F R -indigested part of ration.
The daily food energy expenditure of sturgeon E c on energy process was calculated by Melnichuk's method using the formula: R e = (24 × 1.5 × 4.86 × E c ) / (g × C c ) (2) where 24 is the number of hours per day. ■ 1.5 is a constant showing how many times the rate of active exchange is higher than the standard; ■ 4.86 -an oxy-caloric coefficient; ■ E с -rate of oxygen consumption by an individual (ml O 2 / specimens, hour); ■ C c -the energy equivalent of the raw fish substance (1100 cal / gr of raw substance); ■ g -Krog's temperature allowance which characterizes the correlation between the rate of process in natural conditions and at 20°C temperature.
The rate of oxygen consumption is connected to the body weight of fish and this connection is described by the power function equation (Winberg, 1956; Melnichuk, 1978) :
where а о , k о are constants; W is a body weight of fish.
The constant values а о , k о of equation of oxygen consumption rate by Russian sturgeon (3) are defined on the basis of Melnichuk's (1978) data for various fishes. The equation of oxygen consumption rate of Russian sturgeon has the form:
Krog's temperature allowance, g = 1.231, is defined on the basis of Melnichuk's data (1984) for the average temperature of sturgeon in its growing period, which is + 17.0°C (Baydin and Kosyrev, 1986) . According to the available data (Baydin and Kosyrev, 1986) , the duration of the sturgeon growing (feeding) period is 240 days while the temperature of the sea is normally above 10°C, as the exchange rate and the amount of food consumed by sturgeon, as an poikilothermic animal, is significantly reduced in winter. As a result, annual individual food requirements of sturgeon were calculated by multiplying the daily rations by the number of feeding days. The annual individual energy expenditure on the plastic process P w was calculated as the difference between the body weight of individuals at the beginning and the end of the year (absolute annual increase of body weight of individuals). The annual individual energy expenditure on generative process is considered to be 7% of the body weight of fish (Melnichuk, 1978) . On the basis of the received process equations, the coefficients κ 1 and κ 2 , characterizing the energy efficiency of the food consumed by the sturgeon for growth (plastic metabolism), were calculated. The values of these coefficients were calculated according to the formulas (Melnychuk, 1986) :
The value of the undigested part of the ration Rf in accordance with Melnichuk's studies (Melnichuk, 1978 ) is considered to be 20% of the consumed food. The annual group rations of Russian sturgeon were calculated by multiplying the annual individual rations by the corresponding number of individual age groups which were the part of population. In the same way, the rations of fish, caught in annual catch and having died within a year of natural causes (total mortality), were calculated. The results of the calculations are given in the corresponding tables. The studies were carried out on the model "conditional" sturgeon population, formed at its annual stable recruitstock, equal to 1.0 million specimens of juveniles at the age of 0+ years. The number and biomass of the conditional sturgeon population was calculated using the model describing the change in the number and biomass of fish generations during a life cycle, taking into account the variability of growth in size and age of maturity, fishery and natural mortality: ν
In the model: N t -population of sturgeon generation at the age of t; R 0,5 -the initial population of generation at the juvenile age (0+); ν m t , ν f t -coefficients of annual natural and fishery mortality at the age of t.
The number and biomass of the conditional population of Russian sturgeon, formed from the recruit-stock of 1.0 million specimens of juveniles, was calculated on the basis of literature data on the rate of linear and weight growth, size, age and puberty tempo, the periodicity of spawning, the maximum size and life span of generation individuals. The number of generations was calculated in a prospective order, from the youngest one to the older age group, starting from the first age group, the number of which is R 0,5 = 1.0 million specimens of juveniles . The notions of the coefficients of the annual natural ν m t , fishery ν f t and general mortality ν z t used in the model (7) were defined as in Zykov, 2011 and Zykova et al., 2013 :
where n m t is the number of generation individuals at the age of t, dying within a year of natural causes; n f t -the number of generation individuals at the age of t caught in the process of fishery during the year (including official, unaccounted and poaching); n z t -the total number of generation individuals at the age of t, dying within the year because of catching and natural causes.
In order to estimate the fishery harvesting degree of spawning fish, the spawning stock mortality factor was also used, the value of which was determined as:
where n tn is the number of spawners at age of t which entered the river; ν fn t -fishery mortality coefficient of spawners at the age of t.
The included number of spawners n tn entering a river for spawning was calculated on the basis of the population of the N t generation (7), taking into account the puberty tempo and the periodicity of spawning of the individuals:
where γ is the segment in the generation of eugamic fish (the coefficient of puberty generation); τ -indicator of the spawning periodicity: if fish spawning occurs annually τ = 1, if 1 time in 2 years -τ = 2, if 1 time in 3 years -τ = 3, etc.
The population of spawning herds N t used by the fishery was calculated as the sum of generations of its separate ages:
According to the equalities (9), (11), (13), the proportion between the fishery mortality coefficient of the generation ν f t (9) and the fishing mortality coefficient of spawners ν fn t (11) remains the same:
This proportion shows that when the values of the coefficients γ and τ tend to 1, the mortality coefficient of spawners ν fn t tends to the value of the coefficient of the fishing mortality of the generation ν f t . The coefficient of the fishing mortality of the generation ν f t increases if the spawning mortality value of the spawning herd ν fn t and
the rate of puberty of the generations γ increase, and the period between the two spawnings τ decreases. According to the literary data (Derzhavin, 1947; Chugunov and Chugunova, 1964) , the first maturity of Russian sturgeon occurs at the age of 7.0 -8.0 years and is fully completed at the age of 14.0 -15.0. On the basis of the size and age composition of spawning stocks of Russian sturgeon (Chugunov and Chugunova, 1964) , while counting the population of spawners, it was accepted that 10% becomes mature at the age of 7.0 years (γ = 0.1), 25% -at the age of 8 years (γ = 0.25), 35% -at the age of 9 years (γ = 0.35), 45% -at the age of 10 years (γ = 0.45), 55% -at the age of 11 years (γ = 0.55), 70% at 12 years (γ = 0.7), 80% -at 13 years (γ = 0.8), 90% -at 14.0 years (γ = 0.9), at the age of 15.0 all the members of the generation individuals become mature. According to the literary data (Chugunov and Chugunova, 1964; Kazancheev, 1981) , Russian sturgeon spawns once in 2-5 years. It means that if the spawning of sturgeon occurs 1 time in 2 years (τ = 2), 50% of the total number of mature fish is involved in reproduction and the rest 50% gain weight in the sea with gonads that are in the intermediate stages of maturity. If spawning takes place once in 3 years (τ = 3), 33% of mature fish participate in reproduction and 67% are in the sea, and with a frequency of 4 years (τ = 4), 25% of fish is spawning, etc. The fish that misses the spawning and gains weight in the sea is the stock of spawning herd. The catching n f t , received from the age group t of the spawning herd, was calculated on the basis of the number (12) of spawners n tn that entered the river and the given coefficient value of the fishery mortality of the spawning herd ν fn t (11): n f t = ν fn t n tn (15) or the basis of (14) the total number of generation :
The number of the conditional population, formed with an annual stable recruit-stock R 0.5 = 1.0 million specimens of juveniles, was calculated according to the formula:
The transition from numerical to weight reserve indicators was carried out by simple multiplying of the number of individual age groups by the average weights of the individuals:
( 2 2 ) ( 2 3 ) where B t is the biomass of the sturgeon generation at the age of t; B n -biomass of spawners that entered the river at the age of t; B f -catching of the age group expressed in weight units; Q -biomass of the population from the factory fry; Q n -biomass of the spawning herd; Q f -yield to the fishery, expressed by weight units.
The coefficients of natural mortality ν m t
included in the population model (1) were calculated using an equation describing the change in their values during the life cycle of fish, depending on age:
where A, k, T k are constants.
The given model of natural mortality is dramatically different from traditional concepts when the coefficient of natural mortality is accepted to be constant at different ages (Baranov, 1925; Zasosov, 1976; Beverton and Holt, 1957; Ricker, 1975) . The constants A, k, T k of the natural mortality equation (24) were calculated from the constant values of the growth equations of the power type and the allometric proportion of length-weight of fish:
where ■ l, W are the length and weight of sturgeon at the age of t; ■ q, p, α are constants that numerically characterize the length and weight of yearlings at the age of t = 1, and also sturgeon body mass with a length l = 1; ■ k, C, β are constants characterizing the relative rate of linear and weight growth of fish at the age of t or with a length l (Mina and Klevezal, 1976; Zykov, 2005) .
The constants of the growth equations (25) - (27) are connected with each other by the proportions:
The values of the constants of linear and weight growth equations (25 -27) were calculated on the basis of the data of sturgeon length and mass at different ages from Chugunov and Chugunova (1964) and Piskunov (1970) ,
using the statistical functions of Microsoft Excel 2015. The curves of linear, weight growth and allometric relation between the length and weight of Russian sturgeon, constructed from the initial data, are shown in Fig. 1 . Constants A, T k of the natural mortality equation (24) were calculated from the received values of the constants q, k, C, β of the growth equations and the characteristics of maturing according to the formulas:
■ ν mp is the lowest value of the natural death coefficient at puberty age; ■ l p , t p -the average length and age of maturity, respectively, at which 50% of the generation become mature; ■ M p -instantaneous coefficient of natural mortality of fish at maturity age; ■ L -maximum biological length of fish of the population
The energy balance equations of Russian sturgeon, received according to the formulas (1) -(4), are shown in Table 1 . These equations and calculations allow us to calculate the values of each individual component of the energy balance equation for one individual. Knowing the number of individuals of different sizes and masses, the energy balance can be calculated for the entire population. All calculations envisaged by the research task were performed directly on the initial biological characteristics of Russian sturgeon. Since these characteristics have a species affiliation, other Caspian sturgeon species and possible indirect influence on their size have not been taken into account. 
RESULTS AND DISCUSSION
According to the literary data (Derzhavin, 1947; Pavlov and Elizarov, 1970) , the first maturation of sturgeon occurs when sturgeon reaches the length of 80 -95 cm, mass maturation -at 125-140 cm. The maximum length of Russian sturgeon in the Caspian Sea, according to various resources (Derzhavin, 1947; Kazancheev, 1981; Tsepkin and Sokolov, 1971 ) reaches 200-210cm (length), 60-70 kg (weight), 45-50 years old (age).
On the basis of these data, it was calculated that 50% of matured sturgeon generations occur at a length of l p = 105 cm, and its maximum biological dimension is L = 210 cm, which agrees with the Fulton-Dryagin rule (Dryagin, 1948) , according to which these indicators are in correlation l p = 0.5 L.
The constants and data of the growth equations and natural mortality of Russian sturgeon, received on the basis of biological materials and used in calculations, are given in Table 2 . From Table 1 , it is clear that the length (l p = 105 cm), age (t p = 10.75 cm), 50% of maturity, maximum length (L = 210 cm) and age (T = 45.6 years) of Russian sturgeon closely correspond to their observed values. The estimated annual length q = 33.6 cm is also in agreement with the growth rates of yearlings (Korobochkina, 1970) . This indicates the correctness of the calculation methods used in our research. It should be noted that the length of the yearling q of Russian sturgeon is about 32% of the size of puberty l p and 16% of the maximum length L. The ratio between the age of puberty t p and the maximum age T determines the ratio that follows from (33) and (35). Maturation tp occurs earlier in relation to the maximum age T, if k increases. The questions of the relationship between growth, puberty, natural mortality, life expectancy and fish stocks at the interspecific, speciesspecific geographic and intraspecific population levels were considered in more detail and comprehensively in previous studies (Zykov, 2005) . Individual daily and annual rations of Russian sturgeon of different age and mass, calculated by the method of energy balance, are given in Table 3 . Analysis of the received data (Table 3) showed that the individual annual values of individual components of the annual balance of energy of Russian sturgeon increase with age. The largest individual energy expenditure of consumed food by sturgeon accounts for energy process, 71.4-74.8% of the total annual ration. Its share in the general process does not differ so much with age. Individual energy expenditure on plastic process is 1.6-22.4% of the general process and the share of plastic process is dramatically reduced with age of sturgeon, together with the change in the relative weight growth rate of sturgeon, which, like in other fish, changes during life according to the hyperbolic curve of the relative rate of weight gain with a denominator which is equal to the value of the constant C of the mass growth equation (26) (Zykov, 2005) . The individual energy expenditure of consumed food on generative metabolism is close in magnitude to the energy expenditure on plastic metabolism. The share of generative metabolism is 2.0-3.3% and slightly increases with age. Generative metabolism is a function of the body weight of fish, so its relative magnitude remains fairly stable during some time. The relative energy expenditure of consumed food per unit of sturgeon body weight (C s / W t ) is also changeable during a lifetime. Its magnitude decreases with age. The highest relative annual energy expenditure on the general process accounts for the youngest ages, 8.11 kg per 1.0 kg of juveniles (t = 0.64 years, weight -0.178 kg), the lowest -to the old age groups -1.98 kg per 1 kg of individuals at the age of 45.6 with an average body weight of 68.52 kg (Table 3 ). The level reduction of relative general process with age is explained by the decrease in the relative speed of weight gain and plastic fish process in older ages. For studying the nutritional needs and the rate of process of Russian sturgeon at the group generation and population level with the help of model (7), the number of its conditional population, formed from the annual recruit-stock R 0.1 = 1.0 million specimens of juveniles with the coefficient of a spawning mortality rate of spawning stock ν fn t = 0.3 or 30% and spawning periodicity once in 3 years (τ = 3) ( The charts of these equations are shown in Fig. 1 . Calculations showed that from 1.0 million specimens of juveniles, a conditional population of Russian sturgeon, the population of 2331.1 million individuals with the biomass of 3936.6 tons, is formed at a 3-year periodicity of spawning with 30% of removal of the spawning herd. The age limit of the biomass of generations accounts for the age groups close to the age of puberty, which is t p = 10.75 years. The number of spawning herd is 48.42 thousand individuals, biomass -533.5 tons or 2.0% of the population and 13.5% of the total biomass of the population (Table 4) . Under given operating conditions, the annual fishery decrease of sturgeon is 14.5 thousand individuals and 160 tons, or 30% of the population and biomass of the spawning (commercial) stock. Annual natural losses of sturgeon population are 985.5 thousand individuals, biomass -951.2 tons (Table 4) . The coefficients of the natural mortality of Russian sturgeon, calculated on the basis of the growth equations, are changed during the life span according to the U-shaped curve, the minimum of which accounts for the age of puberty and the maximum values at the beginning and the end of the life cycle, which corresponds to modern theoretical concepts of the age variability of these coefficients in the life span (Gulin, 1971; Tyurin, 1972; Maksimenko and Antonov, 2002) . The minimum value of the coefficient of natural mortality of Russian sturgeon, which is v mp = 0.125 or 12.5%, accounts for the age of 50% of puberty of generations, t p = 10.7 year ( Table 2 ). The displacement of the biomass maximum towards younger ages in our calculations is connected with the influence of the fishery. (30) - (35) correlation shows that the values of natural mortality depend on the sizes of l p , on the puberty age t p , relative speed of linear k and weight gain C, and the size of yearlings q. At the same time, the size of yearlings q and the relative growth rate of fish, expressed by the values of the constants k and C, are in inverse relation (Zykov, 2005) . Our research showed that the natural mortality of fish during the subsequent period of existence mostly depends on the starting sizes of individuals of the generations reached in the first year of life. Studies have shown that at an intraspecific level, a higher survival rate of yearlings and in the subsequent period of existence is observed in generations characterized by larger sizes of yearlings. More viable, higher in its population and biomass generations are formed from these juveniles, which must be taken into account while developing and proving the dimensional standards of young fish grown in hatcheries and predicting the yield of the emerging generations.
The annual total decrease of the abundant population of Russian sturgeon (catching and natural mortality) is 1.0 million specimens or 42.9% of the total population, the loss of biomass is 1111.2 tons or 28.2% of the total biomass of the population. In this case, the total annual loss of the population, which is 1.0 million individuals, corresponds to the annual recruit-stock -R 0.5 = 1.0 million specimens of juveniles. The quantity of generations of sturgeon decrease with age and their biomass changes according to a singlevertex parabolic curve with a maximum occurring during puberty (Table 4) , which corresponds to the general shape of the biomass curve of generations.
The natural annual losses of abundance (985.5 thousand specimens) and biomass (951.2 tons) of the sturgeon population significantly exceed the annual catch (14.3 thousands pieces and 160 tons). Group (age and population) rations of Russian sturgeon were calculated by simple multiplying the number of individual age groups in the population (Table 4) by their individual annual rations (Table 3 ). The analysis of the received results shows that under the accepted modes of fishery exploitation of the spawning herd, the conditional population of Russian sturgeon, formed from 1.0 million specimens of juveniles and having a biomass of 3936.6 tons, consumes 14309.2 tons of feed during the year, which is 3.6 times higher than its own biomass. The greatest amount of energy received from food, that is 70.3%, is spent on energy process. A significantly lower amount of energy from consumed food (7.7%) is spent on plastic process -an increase in the biomass of the population. The lowest share of energy (2.0%) is spent on generative metabolism -maturation and weight gain of gonads. For the total annual loss of abundance -total (commercial and natural) mortality, the population spends 31.2% of energy from consumed food, including natural mortality -27.9%, and catch -3.3% (Table 5 ).
The largest amount of energy from consumed food is spent by individuals of younger ages, with the exception of group energy expenditure on energy process (Table  5) . As the age increases, the overall level of group consumption of food and energy balance decreases. An exception is the group generative process, the magnitude of which varies according to a single-vertex parabolic curve corresponding to the shape of the biomass curve of the population (Table 4 , 5). The values of the efficiency coefficients of food usage for the growth of K1 and K2 of Russian sturgeon in different age groups, calculated according to (5) and (6), are shown in Fig. 2 . The coefficient K1 characterizes the degree of usage of the consumed or total energy of food for the growth of P w , and the coefficient K2 is a part of plastic process in assimilated food (total energy and plastic process). The values of these coefficients are the highest ones in the initial age groups and their value decreases with age. The   Fig 2. The change of the coefficients of nutrition usage for the growth of K1 and K2 of the Russian sturgeon according to the age part of plastic process in the general exchange remains rather low. The analysis of the research in question has shown that the level of individual general process and the annual food consumption of Russian sturgeon increase with age. The relative consumption of food per unit of body weight of individuals decreases with age. The largest part of the sturgeon energy from consumed food (71.4-74.8%) is spent on energy process. Energy expenditure on the plastic and generative process has the lowest values. The largest part of the energy from consumed food is spent by individuals of younger ages. The group consumption of food by individuals of older age groups is reduced with age. The population of Russian sturgeon expends 31.2% of the consumed food for the annual total (fishery and natural) mortality, including for catching (3.3%) and natural losses (27.9%). It should be noted that the initial biological parameters used in the calculations (size of yearlings, relative growth rate of fish, length and rates of puberty, etc.) have a certain effect on the natural mortality of generations at different ages (Zykov, 2005) . Due to the low abundance of sturgeon in the Caspian Sea, as a result of the depletion of their stocks in consequence of regional poaching , in recent years it has not been possible to collect the necessary ichthyological data on the initial biological parameters of Russian sturgeon. Therefore, the results obtained in the study are preliminary to a certain extent, they are not final and can be refined after obtaining relevant up-to-date data on the initial biological parameters used in the calculations.
Results of the presented study give reason to suggest that the fishery should be based on the catch of adult (mature) portion of the population because the efficiency of food consumption growth is reduced with age. The sequential accumulation of such data will make it possible to develop a unified trophic model that allows solving the problem of creating high-value cultural ichthyocenoses by means of the directed formation of the ichthyofauna of inland waters, taking into account their feed productivity, nutritional selectivity and the annual nutritional needs of cultivated fish species. Further study of the energy balance and nutritional needs of inland water fish will allow approaching the question of the stocks restoration and conservation of valuable commercial fish in accordance with their nutritional needs and products of the feed base present in the reservoir.
SAŽETAK

TEORIJSKA PROCJENA ENERGETSKE BILANCE I PREHRAMBENIH POTREBA POPULACIJE RUSKE JESETRE Acipenser gueldenstaedtii U KASPIJS-KOM MORU
Pojedinačni i grupni godišnji obroci ruske jesetre Acipenser gueldenstaedtii izračunati su na temelju modela koji opisuju energetsku bilancu i dinamiku broja generacija riba s prirodnom smrtnošću ovisno o dobi. Proučavana je struktura energetske bilance i njezine odvojene komponente. Ukazano je kako se najveća količina energije koju konzumira populacija jesetre troši na energetski proces. Pojedinačni obroci ruske jesetre povećavaju se s dobi, dok se grupni obroci smanjuju. Dobiveni rezultati mogu se koristiti za teorijsku procjenu volumena umjetne i prirodne reprodukcije koja osigurava stvaranje zaliha ruske jesetre u skladu s prostornom produktivnošću Kaspijskog mora.
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